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Initial investigations of the technology had indicated that sheet resistance and linewidth were functions of the type of "paper substrate" used and test structures have been employed to help quantify both parameters and their variability. These included two Greek cross structures (arm widths of 100 and 3 0 0 p ) , a box cross, and two linewidth structures (nominal widths of 100 and 3 0 0 p ) . Twenty samples were printed on both polythene and gloss art paper and these were then electrically measured. The cross structure resistivity measurements have been averaged as detailed in reference [I] and the linewidth structures were measured using the procedure outlined in [2] . Table 1 summarises some the measurements from which it can be observed that the printed sheet resistance depends upon the substrate used with the gloss paper resulting in higher resistivities than the poly paper. In addition the measured linewidths are considerably larger than the nominal dimensions given in brackets, indicating ink spread. n structure measurement is depenaccurate measurement of sheet For the measurements made on the structure both the sheet resistance measurements were available Table 2 gives the correlation two measurements with figure 2 associated scatter plots. It can be as expected [3] , there is a degree between the measurements. Table 4 . Correlation between the sheet resistance and the voltage difference between the taps extracted from the same cross bridge structure.
Test Structures and Measurement
also assumes a rectangular cross-section of the track being measured. The film thickness and track cross-section were checked using a Dektak 8000 profilometer and the results for both paper types are shown in figure 3.
From these results it can be deduced that the tracks appear to be printed with a surface roughness of a few microns resulting in a very non-uniform cross-section. Since these films had not been profiled previously the nature of the cross-section of the track and the degree of surface roughness was neither known nor fully suspected.
The structures were also examined optically to check the electrical linewidth measurements and to determine the edge roughness. Figure 4 shows examples of optical photographs of a Greek cross with 100 pm wide arms in both reflective and transmissive modes for both types of samples. The pictures obtained using reflected light show the granular nature of the surface and, while they do illustrate the roughness of the edge of the tracks, this does not stand out to the same degree as the the pictures taken using transmitted light. These illustrate that the edge acuity is probably a function of the roller direction. The linewidths of the tracks were also meathe track edge was so rough two measurements sured optically using a Vickers CSS image were taken. One assumed that all material conshearing microscope. This measurement is tributed to the full width of the track while the potentially subjective as the operator effecother measured the minimum width or the tively determines the edge of tracks. Because "solid" portion of the track. ments. This issue needs further investigation to see whether the variability is due to nonuniformity of the conducting layer caused by the printing process or is related to geometrical variations in the structure [4] . Additionally, a fuller investigation into the most robust cross resistor design for CLFs needs to be undertaken [ 5 ] .
This work has also highlighted the importance of measuring an accurate value of sheet resistance if linewidth is to be measured [3] . This is especially important if nanometer scale measurements are to be attempted [6] .
Electrical measurements have many attractions over the optical ones in that they are performed along the whole length of the track rather than on a very small portion and are also very easily automated. Hence, if the electrical measurement of linewidth can be calibrated to the optical ones then there will be more confidence in using it to both optimise and then control the full production process. However, it should be remembered that it is the electrical perfor-
